We study polymerized membranes with long-range quenched internal disorder in the preferred metric and/or the extrinsic curvature characterized by disorder range exponents z ; z respectively. We nd several new at glassy phases stable at T > 0 in di erent regions of the z ; z plane. We calculate the z-dependent roughness exponents and amplitudes that characterize these new phases. When z , z exceeds critical values z c , z c (characteristic of each phase), these glassy at phases undergo a transition towards a crumpled phase, similar to the crumpled glass previously predicted.
Recent work on the physics of polymerized membranes 1 has focused on the e ects of internal disorder. Some of the theoretical work was motivated by the experimental discovery by Mutz et al. 2 that upon partial polymerization and cooling some phospholipid vesicles undergo a remarkable wrinkling transition to a rigid, glass-like state. Quenched-in vacancies, intersticials, dislocations and disclinations are some of the inevitable sources of internal disorder which appear upon polymerization and cooling in any experimental system. It is thus important to understand their e ect on the at phase. By modelling the disorder as a quenched random ground state metric (i.e, random stresses respecting the up-down re ection symmetry ) and as a preferred extrinsic curvature (breaking the re ection symmetry), Nelson and Radzihovsky 3 (NR) found indeed a T = 0 disorder-activated instability of the pure at phase. Morse, Lubensky and Grest (MLG) later found that in the presence of random curvature this instability leads to a new at disorder-dominated xed point, stable at T = 0 but unstable to temperature 4 . It was concluded 3;4 that weak short-range disorder has negligible e ect at large scales and that the membrane at T > 0 is still described by the pure at phase Aronowitz-Lubensky (AL) xed point 5 . One possible scenario that accounts for experiments 2;6 is suggested by the recently developed mean eld theories 7;8 of the isotropic state incorporating short-range disorder.
They predict that at large enough (nonperturbative) disorder strength the at phase at T > 0 becomes unstable towards a crumpled glass phase very analogous to a spin glass.
Another possibility is that a more drastic type of disorder is needed to destabilize the at phase, and to account for the severe instability observed in the experiments. It was noted by NR 3 that unscreened disclinations would generate random stresses with long-range correlations (q) q ?z (see below), and destabilize the pure at phase at all temperatures. As NR recently argued 9 , in partially polymerized membranes such as studied in Refs.2,6, the network of covalent bonds can considerably reduce the screening of disclinations by dislocations. As suggested by their microscopic models 9 , which include additional e ects of grain boundaries, some possible values are z = 2 for partially screened disclinations and z = 1 for random lines of density disorder. However, it remains to be understood which phase this T > 0 instability leads to. Possible candidates are the pure crumpled phase, a at glass or a crumpled glass.
In this Letter we investigate the e ect of long-range correlated disorder on the at phase.
Correlation range exponents for stress disorder z , and for curvature disorder z are introduced (Eq. 2). The results for the domain of stability of each new T > 0 at phase in the z ,z plane are summarized in Fig. 1 . We nd four new at glassy phases stable at T > 0: (i) shortrange (SR) curvature and long-range (LR) stress disorder (LRSG in Fig.1 ), (ii) LR curvature and SR stress disorder (LRCG), (iii) LR disorder in both curvature and stress disorder, and (iv) zero curvature disorder and LR stress disorder (not represented in Fig.1 ). In the at phases, the out-of-plane height uctuations h(x) are characterized by two roughness exponents that we compute, for thermal (connected) uctuations: < (h(x) ? h(0)) 2 > conn A c jxj 2 , and 0 for disorder uctuations:
, where the overbar denotes con gurational averages. Increasing the range of the correlations, we can follow the at phase, from temperature-dominated regimes ( 0 < ) to disorder-dominated regimes ( 0 > ). When 0 reaches the value 0 = 1 the at phase becomes completely unstable and the membrane crumples for arbitrarily small disorder. We nd that this happens for z = z c = 2 and for z = z c 1:20. Although the present calculation, which starts from a at con guration, breaks down when z ,z increase beyond these values, it clearly demonstrates that the membrane then crumples. This energy-driven crumpling instability is a priori of entirely di erent nature than the entropy-driven crumpling transition predicted for phantom membranes 1 . Indeed, in the at glassy phases of Fig.1 the membrane is frozen in some disordered low-energy con guration of roughness 0 and thermal uctuations are negligible ( 0 > ). When 0 increases beyond 1 it seems likely that the membrane remains frozen in low-energy con gurations, in the isotropic state resembling the crumpled glass previously described in mean eld theories 7;8 (one can argue 7 that self-avoidance is less e cient in suppressing this new phase). In addition to these at glassy phases we nd three temperature-dominated at phases (LRCAL, LRM, LRS), and two phases for which = 0 . In the shaded area in Fig.1 several of these phases are stable, and we thus expect phase transitions between them when T and the disorder strength are varied for xed z ; z . In most of the regimes in Fig.1 , some of the amplitudes A c ; A are universal and can be computed. For these calculations it is convenient to use the self-consistent screening approximation (SCSA) which we applied to membranes in a recent Letter 10 . As discussed there, this method is not only exact for large embedding space dimension d, to order 1=d, (it is a partial resummation of the 1=d expansion), but more generally for at membranes of internal dimension D, it also reproduces exactly the known = 4 ?D expansion result, as well as the exact result for d = D.
Because of these remarkable properties, which still hold in the present case (with a shifted upper critical dimension), we do expect SCSA to be reasonably accurate. 
where the strain tensor is u = 1 2 (@ u + @ u + @ h @ h), is the bending rigidity and ; are the Lame coe cients. f(x) and c(x) are the quenched random extrinsic curvature, and stress disorders, respectively. The disorder distributions are Gaussian of zero mean and of variance (in Fourier space):
We now integrate out the phonons 1;10 and, to perform quenched averages, we introduce n replicas h a , integrate out the disorder, and consider the limit n ! 0. For clarity we have specialized to isotropic disorder and will further specialize 11 to D = 2. The replicated free energy takes the form of a critical theory: We have rescaled the eld such that h a h a =T ! h a h a and de nedK 0 = 4 ( + )=(2 + ),
We set up two coupled integral equations for the propagator of the h a eld, < h ia (?k)h jb (k) >= ij G ab (k) and for the renormalized four point interactionR ab ; (q), generalizing the method of
Ref.10 to disordered membranes:
where ab ; (q) = R p p p p p G ab (p)G ab (q ? p) is the vacuum polarization and tensor multiplication is implied.
We now look for a replica symmetric solution of these equations G ab (k) = g (q) ab +g (q)J ab .
Simple algebra 10 givesR ab ; (q) = hK 0 (q) ab ?~ (q)J ab i P T P T with renormalized bulk modulus and strain variance, and the new equations:
where i;j (q) = R p (p P T (q)p ) 2 g i (p)g j (q ? p) with i; j = ; . In the long wavelength limit we look for a self-consistent solution of (5) Since = 1=2+z =4, the membrane crumples for z z c = 2 (z c = 2 corresponds to unscreened disclinations). We now study non-zero curvature disorder. There are three types of solutions ( Fig. 1): ( It is already clear from these equations that LR curvature disorder is irrelevant at T 6 = 0 as long as z < 2 ? 0 and that LR stress disorder is irrelevant as long as z < 2 ? 2 0 . It turns out that there are no solutions of (9a,b) where both long-range stress and long-range curvature disorder are irrelevant and 0 < . We can then identify three possible LR phases:
( In conclusion, we showed that long-range internal disorder destabilizes the homogeneous at phase of a membrane and leads to several new T 6 = 0 glassy at phases with nontrivial roughness exponents and 0 . For z > z c or z > z c we nd a transition to a crumpled phase reminiscent of the crumpled glass of Ref. 7, 8 . We expect the present results to be particularly relevant to recent experiments on the wrinkling of vesicles, partially polymerized from the uid phase 6 . Since the LR exponents predicted here di er subtantially from SR ones, it would be interesting to test our predictions in numerical simulations, especially for the values z ; z = 0; 1; 2, which are of special interest. Besides randomly polymerized membranes for which z , z are xed numbers for a given model, our results could be relevant for experiments on membranes with quenched quasi-long-range internal order, such as a local tilt, coupled to in-plane elasticity.
This could naturally generate continuously T-dependent z ; z exponents. 
